Phospholipase-D activity and inflammatory response induced by brown spider dermonecrotic toxin: endothelial cell membrane phospholipids as targets for toxicity.
Brown spider dermonecrotic toxins (phospholipases-D) are the most well-characterized biochemical constituents of Loxosceles spp. venom. Recombinant forms are capable of reproducing most cutaneous and systemic manifestations such as dermonecrotic lesions, hematological disorders, and renal failure. There is currently no direct confirmation for a relationship between dermonecrosis and inflammation induced by dermonecrotic toxins and their enzymatic activity. We modified a toxin isoform by site-directed mutagenesis to determine if phospholipase-D activity is directly related to these biological effects. The mutated toxin contains an alanine substitution for a histidine residue at position 12 (in the conserved catalytic domain of Loxosceles intermedia Recombinant Dermonecrotic Toxin - LiRecDT1). LiRecDT1H12A sphingomyelinase activity was drastically reduced, despite the fact that circular dichroism analysis demonstrated similar spectra for both toxin isoforms, confirming that the mutation did not change general secondary structures of the molecule or its stability. Antisera against whole venom and LiRecDT1 showed cross-reactivity to both recombinant toxins by ELISA and immunoblotting. Dermonecrosis was abolished by the mutation, and rabbit skin revealed a decreased inflammatory response to LiRecDT1H12A compared to LiRecDT1. Residual phospholipase activity was observed with increasing concentrations of LiRecDT1H12A by dermonecrosis and fluorometric measurement in vitro. Lipid arrays showed that the mutated toxin has an affinity for the same lipids LiRecDT1, and both toxins were detected on RAEC cell surfaces. Data from in vitro choline release and HPTLC analyses of LiRecDT1-treated purified phospholipids and RAEC membrane detergent-extracts corroborate with the morphological changes. These data suggest a phospholipase-D dependent mechanism of toxicity, which has no substrate specificity and thus utilizes a broad range of bioactive lipids.